Interaction between chromium GTP and tubulin. Stereochemistry of GTP binding, GTP hydrolysis, and microtubule stabilization.
Chromium GTP (CrGTP) has been used to probe the stereochemistry of metal-GTP binding to exchangeable site of tubulin and to examine the fate and role of nucleotide-bound metal ion in GTP hydrolysis associated with microtubule assembly. The absolute stereoconfiguration of the two pairs of diastereomers of beta,gamma-bidentate CrGTP has been determined by comparison of their visible circular dichroism spectra with those of the beta,gamma-CrATP isomers whose configurations have been established (Lin, I., and Dunaway-Mariano, D. (1988) J. Am. Chem. Soc. 110, 950-956). Tubulin binds metal-GTP preferentially in the delta pseudoaxial configuration. CrGTP-tubulin shows a high propensity to undergo tubulin-tubulin interactions with associated hydrolysis of CrGTP. Hydrolysis of CrGTP in microtubule assembly develops in two consecutive steps: cleavage of the gamma-phosphate followed by release of Pi and chromium. In contrast to other NTPases (actin, hexokinase) tubulin appears able to catalyze the dissociation of the stable chromium-phosphate bonds, which implies a highly nucleophilic environment of the binding site of the metal-triphosphate moiety of GTP. Microtubules assembled from CrGTP-tubulin are made of 90% GDP subunits, and their stability is linked to a 10% proportion of CrGDP-Pi subunits, scattered along the microtubule, from which Pi does not dissociate. The possibility is evoked that some tubulin variants do not catalyze release of Pi and metal ion efficiently, and their presence could affect microtubule dynamics.